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(54) WAVE FRONT ABERRATION MEASURING METHOD AND PROJECTION 
ALIGNER 

(57)Abstract: 

PROBLEM to BE SOLVED: To obtain a wave front aberration 
measuring method and a projection aligner which can measure 
precisely the wave front aberration at a high speed for grasping 
imagery performance of a projection optical system which is 
changed by an exposing load and environmental change in the 
projection aligner. 

SOLUTION: In a \yave front rrieasuring method of a projection 
optical system of a projection aligner wherein a pattem formed 
on a first object is image- formed on a second object via the 
projection optical system and exposed to a light, an optical 
intensity detecting means for measuring optical intensity 
distribution of a specified pattem on a surface of the first ^object 
via the projection optical system, a wave front aberration 
operating means for the calculating wave front aberration of the 
projection optical system by using the optical intensity 

distribution detected by the optical intensity detecting means, and a control means which 
measures the wave front aberration of the projection optical system in the case that the exposing 
load and/or the environmental change or the like are measured and these values exceed constant 
values, are used. 
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* NOTICES * 

Japan Patent Office is not r:esponsible for any 
damages caused by the use of this translation... 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION ; 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the wave aberration 
measuring method and projection aligner of projection optics which are used at the lithography 
production process of imprinting the pattern on a mask to a photosensitive substrate through 
projection optics, manufacturing a semiconductor device. 
[0002] 

[Description of the Prior Art] At the photolithography production process which manufactures a 
semiconductor device etc., the projection mold aligner which imprints the circuit pattern formed in 
the reticle or the photo mask (it is hereafter named a reticle generically) to the semiconductor 
wafer with which it was applied to the sensitization agent is used. 

[0003] In this kind of aligner, it is required that the pattern on a reticle should be correctly 
imprinted on a wafer for a predetermined scale factor (reduction percentage), and it is becoming 
important [ using the projection lens with the sufficient image formation engine performance 
(projection optics) which suppressed aberration ]. 

[0004] By much more detailed-ized demand of especially a semiconductor device, as a result of 
having imprinted more often the pattern of the image formation performance limit which can be 
imprinted with a projection lens, the pattern to imprint is more sensitive to the aberration of optical 
system in recent years. For the reason, demand of wanting to measure and control the image 
formation engine performance of a projection lens arises, and various methods are devised to this 
measurement and control. 

[0005] The one method of controlling the image formation engine performance of a projection lens 
is reported by JP,63-306626, A. The location of the focal field changed when the projection lens 
absorbed a part of exposure light and temperature changed is controlled by this official report. 
[0006] On the other hand, the control method of the exposure aberration of the projection lens 
which changes with line breadth and lighting is reported by JP,05-315225,A. With a projection 
aligner (since the angles at which the diffracted light is injected by line breadth and lighting differ, 
the light passage locations inside a projection lens differ.) By that cause, the temperature rise rate 
of change inside a projection lens differs, the aberration of projection optics differs, and this 
official report controls this. 

[0007] High NA-ization of a projection lens is called for with the projection aligner for 
semiconductor device manufacture on the other hand in recent years, and 0.65 or more NA(s) and 
spec, with a resolution of 0.18 micrometers are desired in the latest projection lens. Moreover, in 
connection with it, the depth of focus also becomes quite severe with 0.5-0.7 micrometers, and^ as 
for the flattery nature of a focal field, the precision of 0.05 micrometers or less is demanded. 
[0008] The need of also controlling the aberration delicately changed by the exposure light 
absorption of projection optics has arisen in such a condition, and the demand of wanting to 
measure the image formation engine performance of the projection lens which changes with not 
measurement but exposure with emphasis on a focus which is seen by two official reports 
mentioned above came out. 

[0009] For that reason, the need of measuring and controlling fluctuation of not only a focus but 
many of other aberration (example: spherical aberration, ASU, a coma, a scale factor, distortion. 
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etc.) has arisen, and measurement of wave aberration including all aberration information is 

needed as a means for controlling many aberration of this projection optics. 

[0010] 

[Problem(s) to be Solved by the Invention] The focal detection method stated to JP,63-306626,A 
is a way detect the quantity of light passed by the relative displacement using the reticle and stage 
which have arranged the slit, and the rnaximum of the detection quantity of light determines a 
focal location. 

[001 1] Since the quantity of light detecting method is used for this control method, it can ask only 
for a curvature of field and an image surface inclination. Moreover, since the focal difference (line 
breadth dependency of a focus) by the pattern line breadth of a reticle cannot be searched for, 
sufficient focal precision cannot be acquired. 

[00 12] -Moreover, variation deitaF of a focus is predicted by searching for beforehand the 
difference of the pattern used for a focal detection system, and the line breadth used for real 
exposure by the method by JP,5-3 1 5225,A (it being burned on a wafer and measuring), and 
measuring incidence light exposure deltal in exposure. 

[0013] For this reason, a focal detection precision can be burned and will be greatly influenced by 
the reading precision of a pattern. Moreover, in this official report, it is measurement of only 
spherical aberration, a focus, and scale-factor change, and all aberration cannot be measured: 
[0014] By the method in the two above-mentioned official reports, the focal detecting method by 
quantity of light detection is used, and sufficient precision for getting to know the image formation 
engine performance of a projection lens cannot be acquired. Moreover, since meiasurement of the 
dependency of pattern line breadth could be burned and has measured the pattern, it is greatly 
influenced by reading precision. It is very difficult in addition to it, for focal measurement to be 
main and to measure all other aberration by the two above-mentioned methods. 
[0015] Timing of this invention is good in the wave aberration of an exposure load or the 
projection lens which changes with environmental variations (an atmospheric pressure, 
atmospheric temperature, humidity, etc.) delicately, and by measuring at a high speed and 
controlling, it grasps the image formation engine performance of a projection lens with high 
precision and quickly, and aims at offer of the wave aberration measuring method and projection 
aligner which can maintain a projection aligner for the good image formation engine performance 
[0016] 

[Means for Solving the Problem] In a wave face measuring method of projection optics of a 
projection aligner which a wave aberration measuring device of invention of claim 1 makes carry 
out image formation of the pattern formed on the 1 st body on the 2nd body through projection 
optics, and is exposed An optical on-the-strength detection means to measure optical intensity 
distribution of a specific pattern on this 1st body side through this projection optics, A wave 
aberration operation means to compute wave aberration of projection optics using optical intensity 
distribution detected by this optical on-the-strength detection means, When an exposure load, an 
envirormiental variation, etc. are measured arid the value exceeds constant value, it is characterized 
by using a control means which measures wave aberration of projection optics. 
[0017] Invention of claim 2 is characterized by measuring wave aberration of said projection 
optics using a phase recovery method in invention of claim 1 . 

[0018] Invention of claim 3 is characterized by controlling the optical property of said projection 
optics based on said wave aberration in invention of claim I. 

[0019] Invention of claim 4 is characterized by being wave aberration or/and an image shift by the 
optical property of said projection optics in invention of claim 3. 

[0020] In a wave face measuring method of projection optics of a projection aligner which a wave 
aberration measuring method of invention of claim 5 makes cany out image formation of the 
pattern formed on the 1st body on the 2nd body through projection optics, and is exposed An 
optical on-the-strength detection means to measure optical intensity distribution of a specific 
pattern on this 1st body side through this projection optics, It is characterized by using a wave 
aberration operation means to compute wave aberration of projection optics, and a control means 
which predicts wave aberration of this projection optics from exposure historical data using optical 
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intensity distribution detected by this optical on-the-strength detection means. 

[0021] Invention of claim 6 is characterized by controlling the optical property of this projection 

optics based on wave aberration of said projection optics In invention of claim 5; 

[0022] Invention of claim 7 is characterized by being wave aberration or/and an image shift by the 

optical property of said projection optics in invention of claim 6. 

[0023] In a wave face measuring method of projection optics of a projection aligner which a wave 
aberration measuring method of invention of claim 8 makes carry out image formation of the 
pattern formed on the. 1st body on the 2nd body through projection optics, and is exposed It is 
characterized by using a branching means to branch in exposure light and measurement light for 
optical intensity-distribution detection which expose a pattern on this 1st body on this 2nd body 
through this projection optics, and a control means which controls the optical property of this 
projection optics on real time based on wave aberration under exposure. 

[0024] Invention of claim 9 is characterized by being wave aberration or/and an image shift by the 
optical property of said projection optics in invention of claim 8. 

[0025] An optical on-the-strength detection means by which a wave aberration measuring method 
of invention of claim 1 0 measures optical intensity distribution of a specific pattern on this 1 st 
body side throii^ said projection optics, A wave aberration operation means to compute wave 
aberration of projection optics using optical intensity distribution detected by this optical on-the- 
strength detection means, A branching means to branch in exposure light and measurement light 
for optical intensity-distribution detection which expose this 1st body top pattern on the 2nd body 
through this projection optics, An optical on-the-strength detection means to measure optical 
intensity distribution of a specific pattern on this 1st body side through this projection optics. It is 
characterized by measuring wave aberration of a wave aberration operation means to compute 
wave aberration of projection optics, and this projection optics under exposure, on real time using 
optical intensity distribution detected by this optical on-the-strength detection means. 
[0026] It is characterized by setting invention of claim 1 1 to invention of claim 10, and measuring 
wave aberration of projection optics under exposure on real time using a phase recovery method. 
[0027] Invention of claim 12 is characterized by controlling the optical property of said projection 
optics on real time based on said wave aberration in invention of claim 10. 
[0028] Invention of claim 13 is characterized by being wave aberration or/and an image shift by 
the optical property of said projection optics in invention of claim 10. 

[0029] A projection aligner of invention of claim 14 is characterized by using a wave aberration 

measuring method of any 1 term of claims 1-13. 

[0030] 

[Embodiment of the Invention] Many aberration (example: spherical aberration, ASU, a coma, a 
scale factor, distortion, etc.) or the wave aberration itself is controlled by the [operation gestalt 1] 
book operation gestalt by measuring the wave aberration of a projection lens (projection optics). 
[0031] Search for the optical intensity distribution in - image surface with an optical on-the- 
strength detection means as an exposure load or a measurement means (wave aberration 
measurement means) of the wave aberration which originates and changes to an environmental 
variation, and measure wave aberration using a phase recovery method. 

[0032] - By nieasuring light exposure and the relation of wave aberration beforehand, perform only 
measurement of light exposure at the time of pattern baking, and calculate the amount of wave 
aberration. It uses. 

[0033] Moreover, based on the wave aberration computed by the aforementioned method, it makes 
it possible to reduce and expose the effect of aberration conventionally by adjusting the wave 
aberration of a projection lens. 

[0034] Exposure with a sufficient alignment precision is enabled by controlling the shift 
component of the image produced as a result which adjusts the wave aberration of a projection 
lens in that case. 

[0035] Next, the feature of the operation gestalt of this invention is explained. 

[0036] Drawing 1 is the important section schematic diagram of the projection aligner of the 

operation gestalt 1 of this invention. In this drawing, 2 is the reticle (photo mask) of a negative, 
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projection optics (contraction projection lens) 1 contracts on the wafer 3 on the XYZ stage 4 which 
is a maintenance means, the circuit pattern on this reticle 2 carries out image formation of it 
according to it, and exposure is performed. ' . . 

[0037] Both the projection optics I is tele cent rucksacks by the incidence and outgoing radiation 
side The XYZ stage 4 is movable in the field which intersects perpendicularly in the direction of 
an optical axis (Z direction) and the direction of an optical axis of the contraction projection lens 1 
(X-Y side), and is controlled by the stage drive unit 5. 

[0038] When imprinting a wafer circuit pattern, the flux of light IL from an illiimination-hght 
study system illuminates the inside of the screen area where the imprint of the circuit pattern of a 
reticle 2 is performed. . • , • 

[0039] 101 is an optical member for aberration control, and it is arranged so that an optical axis 
AX and the optical plane of incidence and the irradiation labor attendant when carrying out 
opposite arrangement of the optical Avedges 43 and 44 of two sheets so that it may become a plane- 
parallel plate as a whole, and considering as a plane-parallel plate may cross at right angles. 
[0040] These two optical wedges 43 and 44 are movable in the direction which intersects 
perpendicularly with the optical axis AX of projection optics 1 relatively, and the thickness of the 
direction of an optical axis has adjustable. About the details of the optical member 101 , it 
mentions later. 

[0041] In drawing 1 , the optical on-the-strength detection equipment (optical on-the-strength 
detection means) 8 with which the upper surface and the height of a wafer 3 have the field which 
was rndstly in agreement.in the location contiguous to a wafer 3 is arranged. By calculating the 
image surface light intensity-distribution data on the wafer side measured by optical on- the- 
strehgth detection equipment 8 using the wave aberration arithmetic unit (wave aberration 
measurement means) 1 1, the wave face of projection optics 1 is computed with the below- 
mentioned calculation algorithm. 

[0042] 52 and 53 show the element which constitutes the field location detection optical system 
which detects the field of the optical on-the-strength detection means 8, and the location of the 
optical-axis AX direction of the 3rd page of a wafer. Among these. 52 is optical system 
(floodlighting optical system), and it floodlights two or more flux of lights in this drawing in order 
to check the inclination to the optical axis AX of the field of optical on-the-strength detection 

equipment 8. . • e 

[0043] Each flux of light floodlighted firom the floodlighting optical system 52 consists of a non- 
exposing light, and consists of light which does not expose the photoresist on a wafer 3 . And on 
the predetermined side (or wafer side 3) of optical on-the-strength detection equipment 8, it is 
condensed respectively and two or more of these flux of lights are reflected. 
[0044] Incidence of the flux of light reflected in respect of optical on-the-strength detection 
equipment 8 is carried out to the detection optical system 53. Each reflected light bunch is made to 
correspond in the detection optical system 53, and photo detector 53a for two or more location 
detection is arranged, and it is constituted so that the reflective spot of each flux of light in the 
light-receiving side of photo detector 53a for each location detection and the field of optical on- 
the-strength detection equipment 8 may serve as conjugate mostly according to the optical system 
within detection optical system. 

[0045] A location gap of the optical-axis AX direction of the contraction projection lens 1 of the 
predetermined side in optical on-the-strength detection equipment 8 is measured as a location gap 
of the incoming beams on photo detector 53a for the location detection within the detection optical 

system 53. , • ■ • r 

[0046] A gap of the Z direction (the optical-axis AX direction) from the focal cntena location ot 
the optical on-the-strength detection equipment 8 measured by this detection optical system 53 is • 
computed as field positional information by field location detection equipment 80 based on the 
output signal from the photo detector for location detection. 

[0047] Consequently, the signal over the gap firom the focal location actually measured by TTL is 
inputted into aberration measurement and a control unit 61 . 

[0048] Aberration measurement and a control unit (control means) 61 give a conunander signal to 
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the stage drive unit 5 for driving the XYZ stage 4 where optical on-the-strength detection 
equipment 8 was fixed- through a signal line. Moreover, when measunng the wave aberration of 
the projection lens 1, a command is given to the stage control unit 5 with aberration measurement 
and a control unit 6 1 , and the XYZ stage 4 is driven so that optical on-the-strength detection 
equipment 8 may displace up and down in the direction of an optical axis of the projection lens 1 
(Z direction) near the criteria location of predeterrnined equipment. 

r0049] Here as optical on-the-strength detection equipment 8 which measures the optical intensity 
distribution of the specific pattern on the image surface (wafer side), although image sensors, such 
as a CCD camera, are applicable, it is making the slit prepared on the same field as a wafer side, or 
knife edge scan in X and the direction of Y, and. detecting the amount of transmitted lights m that 
case with a light-receiving means, and it is also possible to measure the optical mtensity 
distribution ofthe specific pattern in the image surface. . 
[00501 Moreover, the optical property (a scale factor, a curvature of field, distortion comatic 
aberration and astigmatism, **) depending on each field angle of the projection lens 1 is measured 
by arranging two or more specific patterns in the location of the arbitration of a reticle 2, making 
the stage 4 in which optical on-the-strength detection equipment 8 was arranged drive m X and the 
direction of Y, and measuring the pattern reinforcement in two or more locations of arbitration. 
[0051] <Wave aberration measurement by the phase recovery method> Next, how to compute the 
wave aberration of projection optics 1 with a phase recovery method is explained using the 
projection aligner ofthe operation gestalt 1 of this invention, 

[0052] A phase recovery method is a method used for improvement in the resolution m the optical 
system ofthe astronomical telescope with which an electron microscope and big aberration mainly 
exist and searches for optical phase distribution of an image firom the optical mtensity distnbution 
of the image in two or more locations, for example, the iinage surface, a pupil surface, a 
defocusing location, etc. And it is the method of computing the wave aberration of optical system 
from the phase distribution. . ^ . ^ j j • ■> 

[0053] The algorithm ofthe usual phase recovery method was shown in drawing 2 and drawings . 
First after giving a phase to arbitiation using the optical intensity distiibution in the measured 
image surface, the Fourier transform is carried out and the complex amplitude distiibution by the 
pupil surface is searched for. 

[0054] Next, among the acquired complex amplitiide distiibution, the phase section presupposes 
that it remains as it is, ti^poses only the absolute value which hits the section On the strength 
[ optical ] to the value (square root of the reinforcement in a pupil surface) according to actual 
measured value, and considers this as new complex amplitude distribution. The inverse Founer 
transform of this new complex amplitiide distribution is carried out, the complex amplitiade 
distribution on the image surface is searched for, and again, only the phase section is left intact and 
transposes optical reinforcement to an actual measurement. - • u u 

[0055] By repeating the above count and performing it, the complex amplitiide distribution by the 
image surface and the pupil surface is computed, and the wave aberration of a projection lens is 
computed from phase distribution ofthe complex amplitude distribution by the pupil surface. 
[0056] Like a photolithography, when measurement of the optical intensity distribution in the 
pupil surface of a projection lens is difficult, it is also possible to compute complex amplitude 
distiibution in the image surface and complex amplitude distribution in the defocused field by 
repeating conversion-inverse transformation between the image surface and a defocusing side 
through a pupil surface, as shown in drawing 4 and drawing 5 , and to search for phase distnbution 
of a pupil, i.e., the wave aberration of a projection lens, from the result. 
[0057] In addition, since it is indicated by J.J.A.P Vol.36 1997 pp.7494-7498. this method is 

omitted for details. , , r-»u- ■ »• 

[0058] Next drawing 1 which is the schematic diagram ofthe operation gestalt 1 of this invention 
is used and how to compute and control the wave aberration of the projection lens 1 is explained 
with the above-mentioned phase recovery method. The pattern of a reticle 2 is illummated by the 
illumination-light bunch IL of exposure wavelength, image formation of that image is earned out 
on optical on-the-strength detection equipment 8, and these intensity distribution A (optical 
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intensity distribution in a focal field) are measured with optical on-the-strength detection 
equipment 8. 

[0059] Next, the location . of optical on-the-strength detection equipment 8 is changed, and the 
pattern image on a reticle 2 changes into the condition of having defocused on optical on-the- 
strength detection equipment 8, and measures the intensity distribution B in this condition (optical 
intensity distribution in respect of defocusing). According to drawing 4 , the wave aberration of a 
projection lens is computed with the phase recovery method using intensity distribution A and 
intensity distribution B. . 

[0060] The Fourier transform of the initial phase of arbitration is given and carried out to intensity 
distribution A, and, specifically, the complex amplitude distribution by the pupil surface is 
searched for. Next, after adding amendment to the phase section of the complex amplitude 
distribution by the pupil surface so that a pupil surface and the defocusing side which measured 
intensity distribution B may become the relation of the Fourier transform (an image and pupil), the 
inverse Fourier transform of the complex amplitude distribution is carried out, and the complex 
amplitude distribution in respect of defocusing is searched for shortly. 

[0061] Next, among the complex amplitude distribution in respect of defocusing, after the term of 
a phase changes into the value based on the actual measurement of the reinforcement in respect of 
defocusing only the absolute value which is equivalent to a strong term, without changing, the 
Fourier transform of it is carried out and it searches for complex amplitude distribution of a pupil. 
After adding amendment to the phase section of the complex amplitude distribution by the pupil 
surface again so that a pupil surface and a focal field niay retum to the relation of the Fourier 
transform, inverse transformation is performed and the complex amplitude distribution in respect 
of a focus is calculated. ■ 
[0062] Here, based on an actual measurement, the Fourier transform only of the strong term is 
changed and carried out again. The phase distribution by the pupil surface, i.e., the wave aberration 
of a projection lens, is computed by computing complex amplitude distribution in an image 
formation location, and carrying out the Fourier transform of the distribution by the above repeats. 
[0063] With this operation gestalt, the wave aberration resulting firom the exposure load or 
environmental variation under exposure is measured (here, an environmental variation points out 
the factor which changes the wave aberration of projection optics, such as atmospheric 
temperature, an atmospheric pressure, and humidity.). 

[0064] Many aberration, such as spherical aberration, ASU, a coma, a scale factor, and distortion, 
is searched for by changing into the Zemike coefficient the wave aberration coefficient called for 
by the above-mentioned phase recovery method. Many of these aberration is targeted, projection 
optics is controlled, and the wave aberration itself is taken at a target, and projection optics is 
controlled (the control method of these optical properties is explained in fiiU detail later,). 
[0065] <Wave aberration measurement timing> Next, the case where wave aberration 
measureihent of this operation gestalt is used in the sequence of actual exposure actuation is 
explained. 

[0066] In real exposure, when [ to which projection optics absorbs exposure light ] it depends 
especially or environment (atmospheric temperature, an atmospheric pressure, humidity, etc.) 
changes, the phase change (change of wave aberration) pf the pupil surface of projection optics 
arises. It turns out that light exposure change and an environmental variation, and correlation have 
this wave aberration change. 

[0067] When for the reason light exposure or the amount of environmental variations is measured 
during exposure with this operation gestalt and the measured value exceeds constant value, a phase 
recovery method is used, wave aberration is measured, the aberration (example: spherical 
aberration, ASU, a coma, a scale factor, distortion, etc.) of a target is controlled, and it makes it 
possible to be able to bum a pattern in the small condition of aberration. 

[0068] Here, wave aberration measurement and the sequence of control are explained in fiill detail 
using the flow chart of drawing 5 . 

[0069] First, continuation of exposure and exposure termination is judged for every exposure. 
Here, if it is continuation of exposure, measurement of light exposure or measurement of the 
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amount of environmental variations is performed. Here, light exposure is computed from reticle 
permeability, an illuminance, irradiation time, etc., and the amount of environmental vanations is 
computed from measuring change of an atmospheric pressure, atmosphenc temperature,, and 
humidity. 

[0070] If this light exposure or the amount of environmental variations is below constant value, 
exposure is continued, and if it is more than constant value, it shifts to the step of wave aberration 

measurement. r u • 

[0071] In the step of wave aberration measurenient; optical intensity-distnbution A^B of the image 
surface is measured. Next, wave aberration is computed using a phase recovery method from the 
optical intensity distribution of this image surface, 

[0072] By changing this wave aberration into the Zemike coefficient, many aberration (example: 
spherical aberration, ASU, a coma, a scale factor, distortion, etc.) of a target is computed. 
[0073] Next, when this target aberration is below a tolerance,. it exposes again and, in more than a 
tolerance, shifts to an aberration control step (it is here, and when making target aberration into the 
wave aberration itself, it is not necessary to perform conversion for the Zemike coefficient). 
[0074] In an aberration control step, it becomes possible by using the control method 
corresponding to each aberration to control the amount of aberration (about the aberration control 
method, it mentions later.). 

[0075] In the above-mentioned example, although wave aberration was measured when light 
exposure or the amount of environmental variations exceeded constant value, the n-th shot or 
wafer nuiriber of sheets may determine measurement of wave aberration like the n-th sheet by the 
exposure shots per hour. 

[0076] Moreover, when it sets up so that wave aberration measurement may be performed at the 
time of wafer exchange, convenience on a throughput is good. In this case, and if spread, the 
probability to be settled in a limit of target aberration becomes high, and it is convenient. [ under 
one wafer exposure ] [ wave aberration ] 

[0077] On the other hand, when the amount of permissible aberration is severe, or when change of 
wave aberration is sharp, wave aberration may be measured and controlled for every exposure. 
[0078] The <control method of an optical property> The aberration searched for with the above- 
mentioned phase recovery method can be controlled by the following methods. Each method is 
explained in fill! detail below. 

[0079] (**-!) How to control aberration by the optical member 101 which consists of two-sheet 1 
set of optical wedges 43 and 44 shown in draMngJ. . 

[0080] The actuator which is not illustrated for driving to a longitudinal direction, respectively 
attaches the optical wedges 43 and 44 of these two sheets. By driving these, the board thickness as 
an parallel plate to the flux of light is changed, and the spherical aberration of the contraction 
projection lens 1 is controlled. Furthermore, comatic aberration is controlled by leaning this optical 
member 101. 

[0081] Moreover, since the focus location of the contraction projection lens 1 also changes to 
coincidence at this time, the XYZ stage 4 is moved in the direction of an optical axis of the 
contraction projection lens 1 , and the focus is controlled. 

[0082] (**-2) How to make the lens in the contraction projection lens 1 drive in the direction of an 
optical axis using the lens drive unit 90. Or the method of changing the pl^e-parallel plate with 
which thickness differs mutually in an optical path using the lens drive unit 90. 
[0083] (**-3) How to change the refractive index of the gas within the sealing air between the 
optical members in the contraction projection lens 1 . 

[0084] At this time, pressure control, the mixture control of the mixture of gas, etc. occur as a 
means to change a gaseous refractive index. 

[0085] (**-4) How to heat some or all of the contraction projection lens 1 , and cool. Physical 
deformation of the optical member in the contraction projection lens 1 and a refractive index are 
produced by heating and cooling, and spherical aberration is changed. 
[0086] (**-5) Change color spherical aberration by shifting from the wavelength by which 
chromatic-aberration amendment of the contraction projection lens 1 was carried out by changing 
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the wavelength of the light emitted from the light source of the illumination-hght study system of a 
projection aligner. It is the optimal method when what can make adjustable wavelength of 
synchrotron orbital radiation, such as an excimer laser narrow-band-ized as the light source, is 
used. 

[0087] (**-6) How to change the wavelength width of face of the flux of light used by the 
illumination-light study system of a projection aligner. 

[0088] By changing wavelength width of face, according to the axial overtone aberration of the 
contraction projection lens 1, the breadth of a focus gap changes and spherical aberration is 
changed. It is the optimal method when that to which the light source can make adjustable 
wavelength width of face of synchrotron orbital radiation, such as a narrow-band-ized excimer 
laser, is used. 

[0089] (**-7) How to change the aspheric surface symmetrical with rotation which generates 
predetermined spherical aberration to the pupil location of the contraction projection lens 1. 
[0090] If spherical. aberration is changed using the above (A -1) of - (A -7), and a method, since 
optical-character ability other than spherical aberration also changes to coincidence, in many cases, 
it is necessary to control it. Moreover, there may be the necessity of also controlling optical- 
character ability other than spherical aberration to a desired value. (Example: In Mix&Match, 
control a scale factor.) The optical member which is not used for control of the spherical aberration 
in a contraction projection lens in these cases is moved, or the refractive index of the gas betweeri 
optical members is changed, and optical-character ability (example: spherical aberration, ASU, a 
coma, a scale factor, distortion, etc.) to control except spherical aberration is coritroUed. 
[0091] Moreover, since the relation of the optical-character ability arid the control means to control 
is linear combination in approximation, the number of both is in agreement. Thus, it becomes 
possible to control not only spherical aberration but many aberration (example: spherical 
aberration, ASU, a coma, a scale factor, distortion, etc.). Moreover, it is also possible to control 
wave aberration similarly. 

[0092] <Control of an image shift> The image shift of the whole (shot whole) screen may occur 
with the aberration control by a lens drive, member insertion appearance, etc. which are in the 
above (A -1) of - (A -7), and a method. 

[0093] Alignment information can be made to feed back if the variation of the image shift to the 
amount of drives of aberration control-section material is beforehand calculated by count 
experimentally here (it is offset especially to the amount of base lines). Superposition baking can 
be performed with a sufficient precision, without generating the alignment gap accompanying the 
aberration control under exposure by amending an X-Y stage location according to the amount of 
offset. 

[0094] On the other hand, apart from the method of calculating beforehand the image shift 

variation to the amount of drives of an aberration control material, for every aberration 

measurement drive, the amount of base lines may be measured to coincidence, arid the amount of 

base lines may be rewritten directly. About base-line measurement, you may measure by detecting 

an exclusive mark by the exclusive non-illustrated alignment detection system. 

[0095] Moreover, when computing and controlling aberration by detecting specific pattern light 

intensity distribution like the time of wave aberration measurement, re-measurement and the 

method of computing and feeding back the value to the amount of direct base lines maybe [ after 

driving aberration control-section material ] used in a screen common shift component. 

[0096] measuring the unexpected shift component accompanying a drive directly by this method — 

real time — and it is accurate and can feed back to alignment information. 

[0097] Next, measurement / amendment sequence of the above-mentioned image shift is shown in 
drawing 7 and drawing 9 . It is a sequence corresponding to [ corresponding to drawing 6 in 
drawing 7 ] drawing 8 in drawing 9 , and the image shift-amount calculation step after aberration 
control and an image shift control step are added. 

[0098] Measurement and calculation of wave aberration are performed, and aberration control- 
section material is made to drive as a sequence for desired aberration control. Then, it computes, 
and an image shift amount is shifted to the step which controls an image shift, when larger than 
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measurement or the tolerance which the image shift amount set up beforehand. 
[0099] By the above sequences, the image formation engine performance of the projection lens 
which changes delicately in exposure is grasped, and about wave aberration, it is accurate and it 
becomes possible to measure at a high speed and to control. 

[0100] Moreover, since it becomes possible to also compute and control the image shift produced 
by making aberration control-section material drive and amends at any time during exposure 
actuation further, it becomes possible to expose in the condition with little [ always ] aberration 
and image gap. 
[0101] [Operation gestalt 2] 

<Wave aberration calculation by exposure hysteresis> With the operation gestalt 1, it asked for the 
wave aberration of projection optics by measuring the optical intensity distribution of the image 
surface and using a phase recovery method. 

[0102] With this operation gestalt, the method of computing wave aberration based on the light 

exposure which is acting as the monitor at the time of exposure is used. 

[0103] In an experiment, the wave aberration (phase of a pupil surface) to light exposure is 

measured beforehand, and it is made to hold to equipment as exposure hysteresis at the time of the 

factory shipments of an aligner etc. Since it becomes possible to compute wave aberration by this, 

without measuring the optical intensity distribution of the image surface at the time of real 

exposure, it becomes very advantageous on a throughput. 

[0104] This, sequence is explained using the flow chart of drawing 8 . 

[0105] Beforehand, the wave aberration (phase of a pupil surface) to light exposure is measured at 
the time of the factory shipments of an aligner etc., and it holds to an aligner as exposure 
hysteresis. 

[0106] Next, in actual exposurie, continuation of exposure and exposure termination is judged for 
every exposure. If it is continuation of exposure, it shifts to the step of light exposure calculation. 
[0107] If this light exposure is below a tolerance (allowed value) after computing light exposure 
from the exposure time, reticle permeability, an illuminance, etc., it exposes again, and if it is more 
thaii a tolerance, it shifts to the step of wave aberration calculation and control. 
[0108] Here, when light exposure is more than a tolerance, it becomes possible to compute the 
wave aberi-ation to light exposure from the exposure hysteresis which equipment holds. By 
changing this wave aberration into the Zemike coefficient, many aberration (example: spherical 
aberration, ASU, a coma, a scale factor, distortion, etc.) of a target is computed. 
[0109] Next, it shifts to an aberration control step. In an aberration control step, it becomes 
possible by using the control method corresponding to each aberration to control the amount of 
aberration (aberration control is performed by the method of "the operation gestalt 1".). 
It is good to use wafer number of sheets as a target here, when a throughput poses a problem, and 
to be made to carry out at the time of wafer exchange. At this time, if spread, the phase change 
under one wafer exposure and the probability to be settled in a limit of target aberration become 
high, and it is convenient. 

[0110] On the other hand, when the amount of permissible aberration is severe, or when change of 
wave aberration is sharp, wave aberration may be measured and controlled for every exposure by 
making the tolerance of light exposure into zero. 

[0111] Although the above example described the case where originated in light exposure and 
wave aberration changed, as a factor which changes the wave aberration of a contraction projection 
lens, environmental variations, such as atmospheric temperature, an atmospheric pressure, and 
humidity, are also considered. It is also possible to measure and control the aberration of the 
projection optics which originates in these environmental factors and changes. 
[0112] Thus, without measuring wave aberration in the sequence of actual exposure actuation by 
asking for change of the vyave aberration (phase of a pupil surface) to light exposure beforehand, 
and making it hold to equipment as exposure hysteresis at the time of the factory shipments of an 
aligner etc., the target aberration (example: spherical aberration, ASU, a coma, a scale factor, 
distortion, etc.) is compute and control only by the operation, and it becomes possible to be able to 
bum a pattern. 
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[0113] [Operation gestalt 3] 

By the method of the operation gestalt 1 which the wave aberration by <half mirror mentioned 
[ which mentioned above and real-time-measured ] above, measurement of the optical intensity 
distribution on the image surface is needed in the middle of pattern baking. When wave aberration 
changes for the time amount which this measurement takes, precise wave face measurement 
becomes difficult. 

[0114] Thus, when wave aberration changes delicately, it will be necessary to measure to pattern 
baking and coincidence and to raise the accuracy of measurement. 

[0115] Drawing 10 is the important section schematic diagram of this operation gestalt. This 
drawing installs a half rriirror 55 in the wafer side of the projection optics of the operation gestalt 1 
as a branching means, and branches pattern baking light and an optical intensity-distribution 
measuring beam in the flux of light from the projection lens 1. 

[01 16] It is also possible to branch here using prism with a half mirror side etc. instead of a half 
mirror 55. 

[0117] With the operation gestalt 1, since the opticial path for pattern baking and image surface 
measurement on the strength is the same, before and after burning a pattern, measurement of 
image surface light intensity distribution and calculation must be performed. For the reiason, time 
lag may arise on the occasion of wave aberration measurement, and an error may arise in measured 
value and control. 

[01 18] On the other hand, with this operation gestalt, it becomes possible to measure change of the 
wave aberration which has produced it in the case of pattern baking since the light which carried 
out the spectrum of the exposure light of pattern baking is used for optical intensity-distribution 
measurement of the image surface on real time. 

[01 19] Change of the delicate wave aberration which changes to minute time amount can also be 
caught by this, and it makes it possible to control the target aberration with a sufficient precision as 
the result (or control of the wave aberration itself). 
[0120] 

[Effect of the Invention] According to this invention, tithing is good in the wave aberration of an 
exposure load or the projection lens which changes with environmental variations (an atmospheric 
pressure, atmospheric temperature, humidity, etc.) delicately, and by measuring at a high speed and 
controlling, the irnage formation engine performance of a projection lens can be grasped with high 
precision and quickly, and the wave aberration measuring method and projection aligner which can 
maintain a projection aligner for the good image formation engine performance can be attained. 
[0121] In addition, according to this invention, as a result of being able to compute wave 
aberration using a phase recovery method, it becomes possible to be accurate and to measure the 
image formation engine performance of the projection lens which changes with exposure 
delicately at a high speed, and not only a focus but many of other aberration (example: spherical 
aberration, ASU, a coma, a scale factor, distortion, etc.) can be easily control by the condition of 
actually use it for exposure. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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n^m^hm'^<r>m^u^^n\i!it^:}jmx'hh, 

[0053] m^<r>\mmi$:A<r)TJVdt^JXM.i:m2 . 

m3t<z9rsLfz, t-r. sfmLfzmmx'(7)^^m-»^'S:m 

[ 0 0 5 4 ] f#<c>*T.7t«^»l@:»-:ffi^d (iffl 
[0055] a±<Dj:o^j:smi:m<omLn^dZb 

x\ ims.ifmmx'cr,mmmm^^^M.iiiL. mmx-cr) 

[00 56] y^hOVi^^yy ^<7)J:dl>zi9i.mi^yXcO 

mmx'coymm^^com^^m L^^^m-^. n 4 . la 5 

7f:LtiXdlzt&m^:iYLX. WiMty'yir—^xmtco 

mx\ ^m-^mi:m*)m'rz tx\ mmT(r)mmm 

tej^^tfy^-:^:^ Lfzmxcommmm^^?:mii 

[0 0 57] 1^, Zcr):ffmmtiS. J.J.A.P Vol.36 1 
997 pp. 7494-7498tiem$ rflT V ^ h <7)T'»«B{i^B&-r 

[0058] J^tC^f^BflcOlUfifl^® 1 <O1RB&0T^5-S.0 

Wmil^X'U^9fi'2<7)/^'?-y^^mL. ^(TM'S: 
3t^S^tB^a8±tc^«$-ti-, Z(^^B.^:^JK {y^ 

-:fjxmx'ffiit^^'!if^) ^3t^jK^aiiia8tc<fcOft 
[0059] mz. %^mk\!s!,mm.s(Dim.i^3Lx . 

[0060] ^W.mz\t. ^S:»-^AlCffS<50lnKH(2ffl 

Wizmmhmi'ft^^-^m^'LfzTyir-ijxmh 
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co^'ryyt—:^xmx'<rmst<rmmmizm^\''^fcmitz^ 

mhxo^z. mmx'<r>mmm^'rr^(r>iimmzmLi:m 

[ 0 0 6 2 1 cici-e. HtA', ^mcomco^mmmizm':^ 
iccto, mmm.mx'<Dmmm^^^^M.iiiL. ^<r)^m 

[0063] 2ts:|?Jfi?^®T{iC:iO J; oi,zLX. IS^t* 
t". ) « 

[0064] ±ie{afflle]fiai3j: 0*y>^>ix/>:MffillXII 
f^S$r, ^yx.)\^-'ymLl.z^m-thZi. \,ZX •? , «<ffiiR 
rx, 3-7, te*, T^^f i^^cT^KiRM?- 

[0065] <-&®jRiiit«!J^''f 5 yiJ') <j:(c, :^mm 
mmcr)msKsim^m^m!^.(ommii^<Di^—tryxipx' 

[0066] ^^ttwiiV^T , tS^3t^^*i^3BtSri® 
[0067] ^O^, *llitJK«T'{iSS7K'4>(clS3tS, 

tz^i,z, immm.m^m^^xmwmiim^L. 9- 

y-y Y<r>Um. m ^MIRH, TX, =rv. ^S^. x-f 

[00681 Cl^T', ia5<07n-f-A'-h$:fflV->T, 
[ 0 0 6 9 ] i-r, Sl3t»{C, E3tJiM*\ ^3t^T*^ 



[0070] ^<r>mA. Xt4, ^i^Mbfi3&-'-^fflJa 

T^STf^. m%^wm^. -'Mfmxkf^h. wwm& 

(r>x^y-r\,zw^irh. 

[0071 ] ^aiRnao^coxf- yyiizawx , t^®c7) 

^^i.'ommm.^m^^x'imwiM.^'M.^Lx^^h. 
[0072] ^<mcsmm^v:i.)i'-*r'm.\,z^m-h 

[007 3]<J:tc, zc7)9-y y hiRmfi^hu^yxui 
{4, i\xmm:^T-yyizwif-r^ (ci^-c, ^—y-yh 

[0074] lRII*iJ»Xx y y-iztiUXli. ^UmzM 

mLtimmirm^m^^tcitizx'o . mmm^^yhx:} 
m-fh. ) . 

[0075] ±si<miiZii\^Xit. Xii. 
<.^fc*i\ mmUmcomm^^^i^ a y hST- n a -y b 

[0076] tfc. '>xy^-35}ftlef^^*ffiiRlllta!l^^T 
[0077] ffglRUfi**® LV-.^^, a^ffllR 

mLxi>^\'\ 

[0078] <^(^m^mim:fjm> ±si&.mmmmi,z 

mx'hi>. iix^'ix<r>-nmi,z'o\\x . m^t-ztm-th. 
[0079] (r-i)mi<iz^^tih2it%i^^±^ 

<$l^43. 4 4j:0^r-l.3t^?S5*fl OltciOflKHSr 
[0 080 ] C:iX'b2tS!:0^^< $t^4 3, AA<.i.^ix 

^'txJs.^-n'(^\,zm^h^<riym^<r>T9^:2.ai—$'~ 
i}--o\^x\^h. zfii^^%m-th z.t\,ziiy) . ^\,zn 
^h^'^^WLtLxc^mm^^it^^x . mfb^m\yy 
xi<7ima^mimmLx\-^h, ^(^^z^ z.cr)^^^Pi 

1 0 l$:iS^t■S<IttcJ:0^•elR3l5:$lJffllLTV^|,, 
[0081] ttz, ^C0B#|5|B#{ca|/MS^l/ yX 1 Of 

A'^m\yyxi<mmi}jmzi^m^-^x\^>hi:mmL 
[0082] (r-2)m'him\^>xi[f^<r>\yyx^ 
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[0083] {r-3)mA^i9i.^uyxi^<7i^^mi 
c 0 0 8 4 ] z<r>n. %W(r>mv\m^^it^'^h^^t 

[0085] ( T- 4 ) mA^iStmuyX 1 i^-gpXJi^ 

yx 1 \f^<rm^w^<Tmm^'^. sw^S:* t 

[0086] ( r - 5 ) t5^^3teg^60Bsm^lS<O^ 
yX 1 cofeJR||ffliE$nAc«^;R*>^>-r^>-r^ C J: oT 

V ^-if-^(^i!c*f^<^&:ft^^^^ i: -f i> ^ h 
[0087] ( T - 6 ) t5^ffi3t^ScOB§BJ3t^^^-Cffl 
[00 88] &:Sil!S$r^^;cSC:i:T\ ^/N&^t-V-Xl 

[0089] ( T - 7 ) m>hm^yVyX 1 cr)®fag{cfl)f 
[0 0 90] ±ie (T-l ) — (r-7) 

mu yxm<ommiRm<7)mmi,zm-> r v ^ t c ^ o^t 

(^J:«ffiJR|g. TA, 3-7. fg^, y-'^Xh-i^3y 

[ 0 0 9 1 ] ^ mm-r^tft^^mtmm^f^comm 

SflXII, rx. 3-7. fg^. 7-vxh-i^3 y^) 
[00 92] <m=^yh(D^m> ±sHT-l) - (T 

- 7 ) <r,yjmzh hxd^iy yxmm'^^mt^^.tiimz 
[ 0 0 9 3 ] c c T\ ^ih^mmw>n(r>mm&i:zi(]-t 



X'%h. 

[0094] iO?ll$<lffli«<^lEi!»g(ci*-r^ffiii^7 

\i!,-thZtX'tmLX hm^. 

[ 0 0 9 5 ] X, &®ltmi+m^|5I«lC#«^t^-i^ 
[00 96] ^<7):^ffi-C{i:, t^t'^v'^ 

hmf-^mm\mti>9X'')T)V9^ Mz^ 

[0097] <k^z^ iMmiyy h<7)m!!i ■ mEiy—iry 
x$rii7, m9i,z7sk-t, ia7{iiii6{c. m9imsi,zM 
mLfzi^-':ry:x.x'h K) . i[x.mmk(^mi^y hRnta 

[0098] -y—tryx):. LT{i, mm.m.<r>%\m ■ » 

ttjsrff^vv mk<r)nmm<r>mznmmw^^wm 

comity h Lfzhly^y^X'0±^\' 

a. ^->yh?:mmi-?>xy^ yXizwtT-t?>. 

[0099] ±ticr>X o^l^—yyxizX K) . ^T^tCfc 

^^xmnzmt-t^tkmuyxc7)i^mit.m^tmL. 

[0 100] iRM$iJ{Sa5«$:IEt6$-ti-.g.ii:tcJ: 

-yx^thw^yhii^Mtii ■ mm-t^ztti^mb^ 
[0 101] imtmm2i 

<mtmmizx?>wimiRmn.tii> mtmmix'ii. mm 

[01021 :^mmmmx'ii. m^miz^-:^-Lx\>^ 
■I., 

ti^-^xm^&izn-fhmsiRm mmco&m) im^ 

mymmtLxmmnzgikn^-th. ztuzx*), n 
mytmziiim(r>^^^i^:(n^m^i>zbmuz^ wc 
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[0 104] Z<7i>'—')r>'Xi:m8<7)ya—^^—hi: 

[010 6) mmi^mytiza^^x . mytmz. m 
[01071 si^B^ra. i^f-^yioSia*. m^^t't^h 

[0 10 8] ^CIT', m^t<hUyyxl:JJ:.<7)i^-^ 

yccjU-lr^mz^m^^ ZblZj:*). ^-y-y h am 
JiXH (0lJ:«BiRII. rx^ nv, fg^, T-'-f^^h-i^ 

[ 0 1 0 9 ] iRHSfHf^^x yrtcSJtT-rS. JRS 

Sgt^:^ (JRSS<JfflI« "HSfiJ^^l" coumx-ff^j: 
d. ) 

< =5: 018-^*1 J: v\ 

[0110] -yj. ^^JRM»*<«LV^*^, ^ffilR 

Lxm^mzmmumi:m^ ■ mmtx t^v\ 
[0111] &L±<r)mx'im^izmmLximiRmi3i 

^■tt^-it^mmt Lxii. ^jE. Mm. ^(T^mm. 
^^th^thti^. ztLi^comimm^zfmLx^'it't 

[ 0 1 1 2 ] ^iOJ: 3 (c. IS3t^ac7)ld^djm'5ri: 

^*i^T, m^mtLxmm.^z&L^^'t^ztizx 

rx. a-?, fsm. T^xh-i^3>^) irnia mm 
[0 113] [mtrnmsi 

^Lfz. mtmm i (^limx-a , vx-^? - ym.t m^rcom 



^^zm'ttmm<Dmzms^^mip^it•t?>^'^^z^i. n 
[01141 z<oi o iz. wmumi}mmz^^tthm 

[0115101 oti^mmmmc^m^issiB&mx'hh. 
zcomii. mmmBi<r>&!^^m<7)r;xj\-miz^«$. 

[01161 ZZX\ >'^-7S5-55^0fti?'9^:>'^- 

i>-^mx'$>^. 

[0 1 1 7 1 mtmrnix'ti. /'^^-ym^n^fb&m 

ntf^r/?>^V%. -5-^^. S[ffllRili!l^tClSLT:5'-YuU7 

i^'A^'^t. sssfii, Rx/. mmizmmi}i±t^^iiif> 
[0 1181 ztuzMLx. ^mmxii. 
mzm^^x^^h^. n9-vm.%\^\.'^<r>mz±\:.x\^h 

[0119] ztuzj:^). m^mmz^^t-tmtep^r^ 
minmco^it^ hmtizt *^t-# . ^com^t lx . 

[0 1 20 1 

^■it (%E ■ «a ■ M^it^j:t' ) izi y)WLmz^ift 

icftsyu, mm-thztizxy). i^i-yxcomimm 

[01211 z<7)m^^mizxin£. ii^isimmim^^ 
xwrnim^Mtax'^ s j: o iz^r,rzt^^^ mmzn^ 
izmm-t^^mx'. m^izj:io^mzmt'ttikmi^y 

^Sgt'SrO. y^-iix<ri?i.ts:h-f. ^<r>mVM (CT: 

«®IR^. rX, 3-7, Ah-S^3>'^) ^ 

hmmzmm-t^ z t s . 
[Hffiiofs^^seBBi 

[m2] ^^BMiz}5\,^x{mtmmx'tm\simmi:i5z 
ims] ^^BMzis\,\x^mtm.mx{iLm^m&^iiz 
im4}:i^^mi>zt5\,^xy*-:^xmtTy^-/;xm 
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tyy vmm^^Ltzyu-^^t-Y 
m.um<r>^^m!ihhyu~^-^- v 
i^y hmmm^MLfzya-^^—v 

1 : ^mu>x 



2 : U^-^JU 

3 : ^X.J\— 

4 : »?xy^— X-f— i;' 

5 : xi—z^mmmm. 

8 : Tfe^jem^^g 

1 1 : imtRmmw^m. 

4 3 :3t^<$lXl 
4 4 :7e^<$t/2 
6 1 :lRlljffl^ $IJffl)i--y h 

8 0 : mmmt^tams 

9 0 : lxyX|gt||JL-.y h 
100: <?lX|g»i^-y h 

10 1: ummmm^^^^ 

I L : KBJ^ 
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